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Several electrodes (20) are movable respective 
to several groups of electrodes (1 1 to 18). The 
latter receive, from modulating devices (28) 
modulation voltages which induce a voltage into 
the electrodes (20). The induced voltage is 
amplified in (21) and demodulated by a 
synchronous demodulating device (22) guided by 
an oscillator (23). The comparator (24) controls a 
binary counting device (25) the state of which 
constitutes a direct measurement of the relative 
position of the electrodes. The low-level outputs 
of counting device (25) govern a digital- 
analogical transformer (26) which delivers a 
modulation voltage to a function generator (27). 
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Capacitive length and angle measuring process 

Description of corresponding document: US4437055 



The present invention relates to a process for the capacitive measurement of lengths and of angles. In 
Swiss Pat. No. 539,837, there is disclosed a process in which the determination of the mutual 
displacement of capacitive elements is obtained by breaking up the displacement trajectory into 
successive individual capacitive elements, the passages of which are detected one after the other. It is 
thus possible to obtain, on the displacement trajectory of an individual element, exact linear displacement 
voltages. One drawback of that device, however, resides in the fact that it is difficult to regulate the 
measuring process in a manner such that, when the individual measuring elements are placed in series, 
corresponding to their voltages, there will occur no discontinuous errors which might be the result of 
accidental defects in the distribution of the electrodes. 

The present invention has as its object to eliminate those drawbacks, by eliminating in a simple manner 
the errors of transfer from one interpolation element to the other, while preserving the linear interpolation 
properties. The invention comprises a capacitive process for the measurement of lengths and of angles 
using emitting electrodes mounted in series and at least one electrode which is a receiver electrode facing 
the emitting electrodes and which can be displaced in a position parallel to the latter. 

The aforementioned process is characterized in that the emitting electrodes which are facing a receiving 
electrode form two groups each one connected to a volatage V1 and respectively V2 having a constant 
amplitude, a same frequency and an opposite phase, separated by an emitting electrode which is under 
an alternating voltage Vx varying between V1 and V2 in a manner such that it constitutes a displacement 
measurement when the signal which is caught by the receiving electrode becomes equal to zero. The 
capacities of the aforementioned groups which are facing the receiving electrode are on a trajectory of at 
least one shifting distance between two emitting electrodes, a linear function of the displacement. 

The advantage of those arrangements resides in the fact that at the transition points between two 
neighboring interpolation intervals, voltage Vx is identical, depending on the direction of displacement, to 
voltages V1 or V2, so that, while preserving the high linear interpolation character, as will be explained 
below, there exists the assurance of having problem free transitions between neighboring interpolation 
intervals. 

Examples of execution of the capacitive process for the measurement of lengths, according to the present 
invention, are described with reference to the attached drawing, in which: 

FIG. 1 illustrates a general principle arrangement of the electrodes; 

FIG. 2 is a diagram of an associated electronic wiring; 

FIG. 3 represents the voltage amplitude variations in the diagram according to FIG. 2, as a function of the 
displacement X; 

FIG. 4 represents the voltage which exists at one electrode of the diagram according to FIG. 2, for a 
displacement at constant speed as a function of time; 

FIG. 5 illustrates another possibility of modulation of voltage Vx for the production of a linear interpolation; 

FIG. 6 illustrates a mode which makes it possible to bring, by dephasings which are not very marked, the 
waveshaped voltage Vx from V1 to V2 ; 

FIG. 7 is an example of an electronic diagram for which the moment of the passage through zero 
constitutes a measurement of the displacement; and 

FIG. 8 represents the shape of the demodulated receiving signal, in an electronic diagram according to 
FIG. 7. 



As may be seen in FIG. 1 , emitting electrodes 10 placed so as to face a single receiving electrode 20, are 
connected to three alternating voltages, an individual emitting electrode, usually the one located close to 
the middle, being connected to an alternating voltage Vx, while the electrodes located on one of the sides 
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are connected to an alternating voltage V1 of constant amplitude, and those located on the other side are 
connected to an alternating voltage V2, voltages V1 and V2 presenting the same frequency, but being in 
phase opposition. Vx is variable in amplitude for example. If there is given as a condition that the sum of 
the alternating currents at the receiving electrode must be equal to zero, it may be seen that for a relative 
displacement X of the receiving electrode, relative the emitting electrodes, voltage Vx varies in a linear 
manner with the displacement of X, and that at the point of the displacement which exactly corresponds to 
the average interval L of the electrodes, that voltage passes through zero, because a change of phase 
occurs from V1 to V2. The marginal conditions of the interpolation interval, thus, are exactly defined: they 
are met when the alternating voltage caused on the receiving electrode becomes null for Vx =V1, and 
respectively for Vx =V2. When that is the case, the distribution of the emitting electrodes is displaced by 
one electrode, through electronic means. When there are several receiving electrodes, and if N emitting 
electrodes come to place themselves at mid-distance between those receiving electrodes, the distribution 
of the emitting electrodes over N steps will be a periodic function of the position. 

FIG. 2 shows the general diagram of an electronic circuit which may be used to that end. The signal 
received coming from receiving electrode 20 is amplified by amplifier 21 and brought under low impedance 
to a synchronous demodulator 22 piloted by an oscillator 23. The signal is then brought to a digital level in 
a comparator 24 which for its part governs the counting and the down-counting input of a binary counting 
device 25. The counting input of counting device 25 is connected, in order to simplify the representation, 
also to oscillator 23. The state of counting device 25 is a direct measurement of the relative position of the 
electrodes, as it may be seen from the following explanations. The low value outputs of the counting 
device 25 govern a digital-analogical transformer 26 which supplies the modulation voltage for the 
amplitude variation which occurs in a linear manner as a function of the displacement. That modulation 
voltage, as well as the high values output of the counting device, lead to a function generator 27 which has 
N outputs (in the present case, 8 outputs) 31 to 38. 

FIG. 3 shows the output wave shapes, produced by the function generator 27, as a function of the position 
of the counting device as a result of the displacement. Each one of those outputs is brought to groups of 
electrodes, through a modulator 28 connected to oscillator 23. 

There has been shown in FIG. 4 the wave shape obtained on one electrode, considering a constant speed 
displacement. There is seen, in FIG. 3, that for a given displacement L. for two of the eight electrodes, the 
modulation voltage varies constantly (electrode 14 and 18). Electrode 14 is located facing one receiving 
electrode, while the other one 18 is located between two receiving electrodes. Electrode 18 thus exerts no 
influence on the receiving electrodes, so that only electrode 14 is connected to Vx, relative to a receiving 
electrode. FIG. 3 further shows that the linear characteristics of neighboring electrodes exactly follow one 
another so that the measurement is a linear one over the entire field of displacement, and that the state of 
the counter thus reproduces a linear measurement of the displacement. 

So that it might be possible to easily integrate all of the electronics, it is desirable to reduce to a minimum 
the linear functions, especially the digital-analogical transformer. That is the case, for example, if instead 
of causing variations of amplitude in a linear manner with the displacement through a variable impulse 
ratio, which ratio varies in a linear manner with the displacement Vx is alternately made equal to V1 and to 
V2. FIG. 5 illustrates the corresponding modulation function, for a constant speed displacement. Fitted 
with a low-passing filter, that device is the equivalent of a linear amplitude modulation. 

FIG. 6 shows another mode of production of a linear transition. In that case, the signal is modified in 
manner such as to obtain a linear transition after demodulation (synchronous demodulation) and by 
filtering through a low-passing filter. In the example illustrated in FIG. 6, Vx is equivalent to +0.5 V1, V"x is 
equivalent to zero and V M, x is equivalent to -0.5 V1 , consequently it is equivalent to +0.5 V2. In that case, 
there no longer is a constant transition but a number of intermediary values distributed in a linear manner 
but which give a linear gradation of the signal which can be filtered without any difficulty, so that there 
again is obtained a linear characteristic. 

A suitable circuit is represented in FIG. 7. There is used here, instead of a counting-down counting device 
which always follows the displacement, an adding counting device 71 which counts in a continuous 
manner, that is to say the distribution of the emitting electrodes follows a fictitious displacement of the 
receiving electrodes at a speed which is proportional to the frequency of the counting device. The function 
generator 72 supplies rectangular waves V1 and V2 which correspond to the state of the counting device, 
and the transition waves Vx, as represented in FIG. 6 and takes them following a correct sequence to the 
different electrodes 1 1 to 18. 

FIG. 8 shows the demodultated signal V22 which still presents a residual wave resulting from the discrete 
graduations of the transition wave shape of Vx. After the low-passing filter 70, the voltage V70 however 
varies in a linear manner in the zone of passage to zero, so that there is obtained here also, a linear 



http://v3. espacenet. com/textdes?DB=EP0D0C&IDX=EP0053091&F=0&QPN=EP0, . 2005-4-29 



relationship between the time of the passage to zero, that is to say the state of the counting device at that 
time and the displacement X. 
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Capacitive length and angle measuring process 



Claims of corresponding document: US4437055 



I claim: 

1 . A capacitive process for the measurement of lengths and of angles, which uses a plurality of emitting 
electrodes (10) arranged in series, and at least one receiving electrode (20) which faces the emitting 
electrodes and is of less length than said series, and which is displaceable parallel to the latter, 
characterized in that the emitting electrodes which face a receiving electrode form two groups each one of 
them connected to an alternating voltage V1, respectively V2, of constant amplitude, having the same 
frequency and of opposite phase, separated by an emitting electrode which is connected to an alternating 
voltage Vx which is varied between V1 and V2 in a manner such that it constitutes a measurement of the 
displacement of the receiving electrode, the signal caught by the receiving electrode being maintained 
equal to zero by varying said voltage Vx, the capacities between the aforementioned emitting and 
receiving electrodes being, over a trajectory of at least one L, which is the shift between the center lines of 
two emitting electrodes, an exact linear function of the displacement. 

2. A process according to claim 1 , characterized in that the amplitude of Vx changes, in a manner which 
corresponds to the displacement, from the amplitude of V1 to the amplitude of V2 passing through zero. 

3. A process according to claim 1 , characterized in that the alternating voltages V1 and V2 are 
complementary rectangular voltages, and in that Vx also is a rectangular voltage which progressively 
passes, or by discreet changes passes from V1 to V2. 

4. A process according to claim 1, characterized in that the alternating voltages V1 and V2 are 
complementary rectangular voltages, and that Vx also is a rectangular voltage which progressively or in 
small increases passes from V1 to V2. 

5. A process according to claim 1, characterized in that the distribution of the emitting electrodes is 
displaced by one electrode, when the alternating voltage Vx is identical with the alternating voltage V1 , 
alternately V2. 

6. A process according to claim 4, characterized in that the distribution of the emitting electrodes and Vx 
are modified continuously in a manner such that they correspond to a fictitious displacement with a 
constant speed, the time of the passage at zero of the alternating voltage on the receiving electrode thus 
becoming a measurement of the displacement. 

7. A device for the execution of the process according to claim 5, characterized in that the passage at zero 
of the alternating voltage is determined by a synchronous detecting device (22) equipped with a 
comparator (24) assembled following it. 

8. A device according to claim 6, characterized in that Vx assumes only discreet intermediary values, and 
in that the higher frequency wave resulting from it is filtered through a low-passing filter (70) mounted 
between the synchronous detecting device (22) and the comparing device. 
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